Abstract. The global phenomenological and microscopic optical model potentials for alpha with the incident energy up to 400 MeV are obtained. The global phenomenological optical model potential is extracted by simultaneously fitting the experimental data of total reaction cross sections and elastic scattering angular distributions in the mass range of target nuclei 20 ≤ A ≤ 209. The microscopic optical model potential is obtained by the Green function method through nuclear matter approximation and local density approximation based on the effective Skyrme nucleon-nucleon interaction. Both optical model potentials are used to calculate the reaction cross sections and elastic scattering angular distributions for the target nuclei in the mass range 12 ≤ A ≤ 209 at incident alpha energies up to 400 MeV. The calculated results are compared with the experimental data, and the calculated results by phenomenological and microscopic optical model potentials are also compared with each other.
Introduction
Optical model is one of the most important theoretical models in nuclear reaction theory, which is widely used in the nuclear reaction analysis. The central assumption of this model is that the complicated interaction between an incident particle and a target nucleus is represented by a complex mean-field potential named optical model potential (OMP) . A good optical model potential can be used to reliably predict the observables in the energy and nucleus region where no measurement data exist. The global phenomenological optical model potential (GOP) is obtained by adjusting its parameters to minimize the deviation between the calculated results and the experimental data of reaction cross sections and elastic scattering angular distributions in a wide energy and nucleus range. The microscopic optical model potential (MOP) is generated theoretically based on the nucleonnucleon interaction. Both OMPs have some prediction ability for the reactions with no measurement data in a wide energy and nucleus region.
The nuclear reactions with α incidence and α emission are of importance in nuclear astrophysics, nuclear engineering, and nuclear medicine. The α OMP is an essential and powerful tool for the understanding of such nuclear reactions, such as for the analysis of the α elastic scattering, the calculation of α-induced reaction cross sections as well as the α production from compound reactions. Since the experimental data of such reactions are not sufficient, a global phenomenological OMP and a microscopic OMP for the incident α energy up to 400 MeV and target nuclei in the mass range 12 ≤ A ≤ 209 are provided here and used to predict the observables. a e-mail: hanyl@ciae.ac.cn
In Sect. 2, the formulations of both optical model potentials are given briefly. Section 3 is the analysis and comparison of the calculated results and experimental data. Finally, Sect. 4 is a summary.
Formulation

Global phenomenological optical model potential
The global phenomenological optical model potential is obtained by fitting the experimental data of total reaction cross sections and elastic scattering angular distributions for target nuclei with mass number 20 ≤ A ≤ 209 below 400 MeV. The optical model potential is Woods-Saxon [1] form for the real part and the imaginary part corresponding to volume absorption, derivative Woods-Saxon form for the imaginary part corresponding to the surface absorption. The spin-orbit part is 0, because the spin of the incident α is 0. The optical model potential is expressed as
where V r (r ) is the real part potential, W s (r ) and W v (r ) are the imaginary part potential corresponding to surface absorption and volume absorption, respectively, and V c (r ) is the coulomb potential. The energy dependencies of potential depths are expressed as follows:
The real part of optical potential:
The imaginary part corresponding to the surface absorption: The imaginary part corresponding to the volume absorption:
where Z , N and A stand for charge, neutron and mass numbers of target, respectively; E is the incident neutron energy in the laboratory system. The radius parameters of the real part, the surface absorption and the volume absorption are r r , r s and r v , respectively. The diffuseness widths of the real part, the surface absorption and the volume absorption are a r , a s and a v , respectively. The unit of the potential depth and the energy E is MeV, and the unit of the radius and diffuseness width is f m. The optical model potential parameters are given in Ref. [2] as in Table 1 .
Microscopic optical model potential
The microscopic optical model potential for α particle is generated by the Green function method based on the Skyrme nucleon-nucleon interaction. The detail of the formulation is described in Ref. [3] . From the view of the many-body theory, the optical potential can be identified with the mass operator of Green function. The first and second order mass operators of the four-particle Green function are derived in nuclear matter first. The firstorder mass operator is used to denote the real part of the microscopic optical model potential, and the imaginary part of second-order mass operator is used to denote the imaginary part potential. The microscopic optical model potential for a finite target nucleus is then obtained by applying a local density approximation. The densities of the neutron and proton in the target nucleus are expressed by Negele's formula [4] . With a version of the Skyrme interaction, GS2 [5] , the microscopic optical potential for α particle is obtained numerically.
Results and discussion
The α MOP and GOP obtained are used to predict the reaction cross sections and elastic scattering angular distributions in the target nucleus range from 12 C to 209 Bi for incident energies up to 400 MeV. In most cases, The calculation can reproduce the experimental data reasonably well. The following gives some examples.
The calculated α reaction cross sections for 28 Si, 58 Ni, 124 Sn and 208 Pb are compared with the experimental data [6] in Figs. 1-4 . The results calculated by MOP are denoted by the solid lines, while those calculated by GOP are denoted by the dashed lines. The results calculated by MOP is larger than those by GOP for relatively light nuclei, while smaller for relatively heavy nuclei. However, both calculated results are generally within the error bars of the experimental data.
The calculated results of elastic scattering angular distributions for different target nuclei are compared with the experimental data [7] [8] [9] [10] [11] [12] [13] [14] region, and generally the GOP results are a little better than the MOP results in reproducing the experimental data. Iron is one of the most important structure materials. The α elastic scattering angular distributions from 56 Fe calculated with the MOP and GOP are compared with the experimental data [15, 16] in Fig. 9 . Both results reproduce the experimental data reasonably well.
The calculated result of the elastic scattering angular distribution for the heavy nucleus 209 Bi is also compared with the experimental data [17] [18] [19] in Fig. 10 . Although the results calculated by MOP and GOP have some difference for back angles, both of them are in reasonable agreement with the experimental data.
Summary
An alpha global phenomenological optical potential is obtained by adjusting its parameters to fit the existing experimental data, and an alpha microscopic optical potential is obtained by the Green function method through nuclear matter approximation and local density approximation based on the GS2 Skyrme interaction. The calculated results of the reaction cross sections and elastic scattering angular distributions with both the GOP and MOP are generally in reasonable agreement with the experimental data for the target nuclei in the mass range 12 ≤ A ≤ 209 at incident alpha energies up to 400 MeV. In some cases, the GOP is a little better than the MOP in reproducing the experimental data. Both of the optical model potentials may get direct application in some nuclear reaction analyses.
